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This thesis reports on a study on high-performance capacitive micro electro-mechanical systems (MEMS) device 
technologies using the interconnect process of semiconductor integrated circuit. Firstly, considering that the 
RF-MEMS tunable capacitor is applied to transmission applications, I propose the RF-MEMS tunable capacitor 
with a quadruple series capacitor (QSC) to solve the issue of power handling. As a result of high-frequency 
measurement, the power handling of +44 dBm for cold switching were obtained. Moreover, the fabricated device 
exhibited the minimum and maximum capacitance values of 1.15 and 5.15 pF, respectively. In addition, the Q value 
was very high, i.e., ≥100 at 1 GHz for all capacitance values. Secondly, to overcome the trade-off between power 
consumption and response time in conventional hydrogen sensors, I propose a capacitive MEMS hydrogen sensor 
that has a reverse T-shaped electrode structure and Pd-based metallic glass. The fabricated sensor achieved both fast 
response of 2.1 sec and low-power consumption of 0.2 mW. 
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ᅗ 2 (a) Cdown࡜࢚ࢵࢪኚᙧ㔞ࡢ┦㛵㸬(b) down 
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This thesis reports on a study on high-performance capacitive micro electro-mechanical systems (MEMS) device 
technologies using the interconnect process of semiconductor integrated circuit. Firstly, considering that the 
RF-MEMS tunable capacitor is applied to transmission applications, I propose the RF-MEMS tunable capacitor 
with a quadruple series capacitor (QSC) to solve the issue of power handling. As a result of high-frequency 
measurement, the power handling of +44 dBm for cold switching were obtained. Moreover, the fabricated device 
exhibited the minimum and maximum capacitance values of 1.15 and 5.15 pF, respectively. In addition, the Q value 
was very high, i.e., ≥100 at 1 GHz for all capacitance values. Secondly, to overcome the trade-off between power 
consumption and response time in conventional hydrogen sensors, I propose a capacitive MEMS hydrogen sensor 
that has a reverse T-shaped electrode structure and Pd-based metallic glass. The fabricated sensor achieved both fast 
response of 2.1 sec and low-power consumption of 0.2 mW. 
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䛔䜛䠊୰䛷䜒ᐜ㔞ᆺMEMS䛿ᵝ䚻䛺ᛂ⏝䛜䛺䛥䜜䛶
䛔䜛㔜せ䛺ᇶ┙ᢏ⾡䛾୍䛴䛷䛒䜛䛜䠈ᚑ᮶ᥦ᱌䛥䜜
䛶䛔䜛᭷ᶵ≛≅ᒙ䜢⏝䛔䛯〇㐀䝥䝻䝉䝇䛻䛚䛔䛶䠈
〇㐀䛧䛯⣲Ꮚ䛾ᐜ㔞್䜀䜙䛴䛝䛜኱䛝䛔䛣䛸䛜ᐇ⏝
ୖ䛾ㄢ㢟䛾୍䛴䛷䛒䛳䛯䠊䜎䛯䠈୍⯡䛻䛂One 
MEMS䠈One Process䛃䛸ゝ䜟䜜䜛䜘䛖䛻䠈MEMS䛿〇
ရ䛤䛸䛻〇㐀䝥䝻䝉䝇䛜␗䛺䜛䛣䛸䛜ከ䛟䠈ᑡ㔞ከရ
✀䛷䛒䜛 MEMS䛻䛸䛳䛶〇㐀ᢏ⾡ୖ䛾ㄢ㢟䛸䛺䛳䛶
䛔䛯䠊ᮏ◊✲䛷䛿䛣䜜䜙䛾ㄢ㢟䛻ᑐ䛧䛶䠈༙ᑟయ㞟
✚ᅇ㊰䛾㓄⥺ᕤ⛬䜢ᛂ⏝䛧䠈ᚑ᮶䛾〇㐀䝥䝻䝉䝇䛾
ㄢ㢟䛷䛒䛳䛯ᐜ㔞್䜀䜙䛴䛝䜢పῶ䛩䜛䝥䝻䝉䝇ᢏ
⾡䜢ᥦ᱌䠈ᐇド䛩䜛䠊᭦䛻ᥦ᱌䛥䜜䛯䝥䝻䝉䝇ᢏ⾡
䜢ᇶ┙䛸䛧䛶〇㐀ᕤ⛬䛾ඹ㏻໬䜢᳨ウ䛧䠈㧗䛔௜ຍ
౯್䜢ᣢ䛴㧗⪏㟁ຊ䞉㧗 Q ್ RF-MEMS ྍኚᐜ㔞
ཬ䜃㧗㏿ᛂ⟅䞉పᾘ㈝㟁ຊᐜ㔞ᆺ MEMS Ỉ⣲䝉䞁
䝃䞊䜢〇㐀䛧䠈䛭䜜䜙䛾᭷⏝ᛶ䜢ᐇド䛩䜛䛣䛸䜢┠
ⓗ䛸䛩䜛䠊 
㻞㻚㻌 㻾㻲㻙㻹㻱㻹㻿 ྍኚᐜ㔞䛾ᐜ㔞䜀䜙䛴䛝పῶᢏ⾡㻌
䝇䝬䞊䝖䝣䜷䞁䜢ጞ䜑䛸䛧䛯↓⥺䝅䝇䝔䝮䛿࿘Ἴᩘ
ᖏᇦ䛾ᣑ኱䛜㐍䜣䛷䛚䜚䠈䛭䛾⤖ᯝ䛸䛧䛶↓⥺ᅇ㊰䛾
タィ䛿」㞧໬䜢⥆䛡䛶䛔䜛䠊䛭䛾ほⅬ䛛䜙䝬䝹䝏䝞䞁
䝗䞉䝬䝹䝏䝰䞊䝗䝅䝇䝔䝮䜔䝸䝁䞁䝣䜱䜼䝳䜰䝷䝤䝹 RF
䝅䝇䝔䝮䛺䛹䛜◊✲䛥䜜䠈ᩘከ䛟ሗ࿌䛥䜜䛶䛔䜛 [1]䠊
䛣䜜䜙䛾䝅䝇䝔䝮䛻䛚䛔䛶ྍኚᐜ㔞⣲Ꮚ䛿㔜せ䛺㒊
ရ䛷䛒䜛䠊ᐜ㔞್䜢ྍኚ䛩䜛䛣䛸䛷࿘Ἴᩘ≉ᛶ䛜ኚ䜟
䜚䠈୍䛴䛾㒊ရ䛷ᩘከ䛟䛾ᖏᇦ䜢䜹䝞䞊䛷䛝䜛䜘䛖䛻䛺
䜛䛯䜑䠈䝅䝇䝔䝮䛾䝇䝸䝮໬ཬ䜃ᑠᆺ໬䛻ᐤ୚䛩䜛䛣䛸
䛜䛷䛝䜛䠊RF-MEMSྍኚᐜ㔞䛿 RFಙྕ⥺䜢ప᢬ᢠ
䛾䝯䝍䝹䛷ᙧᡂ䛩䜛䛣䛸䛜䛷䛝䜛䛯䜑䠈㧗䛔 Q ್䜔⥺
ᙧᛶ䛜ᐇ⌧ྍ⬟䛷䛒䜚䠈௚᪉ᘧ䛾ྍኚᐜ㔞䜘䜚䜒ඃ఩
ᛶ䜢ᣢ䛴ᢏ⾡䛷䛒䜛䠊ᅗ 1 䛻㟼㟁㥑ືᆺ RF-MEMS
ྍኚᐜ㔞䛾ືసཎ⌮䜢♧䛩䠊RF-MEMS ྍኚᐜ㔞䛿
ᇶᯈ䛻ᅛᐃ䛥䜜䛯㟁ᴟ (ᅛᐃ㟁ᴟ) 䛸䠈ᶵᲔⓗ䛺䝞䝛
ᵓ㐀䛻᥋⥆䛥䜜ྍື䛩䜛㟁ᴟ (ྍື㟁ᴟ) 䛛䜙䛺䜚䠈
ᅛᐃ㟁ᴟୖ䛻䛿⤯⦕⭷䛜ᙧᡂ䛥䜜䛶䛔䜛䠊ᅛᐃ㟁ᴟ
䛸ྍື㟁ᴟ㛫䛿✵Ὕ (䜶䜰䜼䝱䝑䝥) 䛸䛺䛳䛶䛚䜚䠈㟼
㟁ᐜ㔞䛜ᙧᡂ䛥䜜䛶䛔䜛䠊㟁ᴟ㛫䛻㟁ᅽ䜢༳ྍ䛩䜛䛣
䛸䛻䜘䜚䠈㟼㟁ᘬຊ䛜Ⓨ⏕䛧ྍື㟁ᴟ䛜ୗ᪉䛻⛣ື䛩
䜛䛣䛸䛷ᐜ㔞್䛜ኚ໬䛩䜛䠊RF-MEMS ྍኚᐜ㔞䛿༙
ᑟయ㞟✚ᅇ㊰䛾㓄⥺ᕤ⛬䜢ᛂ⏝䛧䠈᭷ᶵ≛≅ᒙ䜢㐺
⏝䛩䜛䛣䛸䛷ᙧᡂྍ⬟䛷䛒䜛䛣䛸䛜ሗ࿌䛥䜜䛶䛔䜛䠊䛧
䛛䛧䠈ᚑ᮶ᥦ᱌䛥䜜䛶䛔䜛䝥䝻䝉䝇䛷䛿 down state 䛷
䛾ᐜ㔞್ (Cdown) 䛾䜀䜙䛴䛝䛜኱䛝䛔䛣䛸䛜ㄢ㢟䛷䛒 
 
 
 
 
 
 
 
ᅗ 1 RF-MEMSྍኚᐜ㔞ࡢືసཎ⌮ 
 
䛳䛯䠊䛭䛣䛷ᮏ◊✲䛷䛿 Cdown 䜀䜙䛴䛝䛾ཎᅉ✲᫂䜢
⾜䛔䠈䜀䜙䛴䛝䜢ᢚไ䛩䜛ᵓ㐀ཬ䜃〇㐀䝥䝻䝉䝇䜢ᥦ
᱌䛩䜛䠊䛿䛨䜑䛻䠈Cdown䜀䜙䛴䛝䛾せᅉศᯒཬ䜃ᵓ㐀
ゎᯒ䜢⾜䛔䠈ᅗ2䛻♧䛩䜘䛖䛻ྍື㟁ᴟ⿬㠃➃䛻Ⓨ⏕
䛧䛶䛔䛯䜶䝑䝆ኚᙧ䛜୺せᅉ䛷䛒䜛䛣䛸䜢᫂䜙䛛䛻䛧
䛯䠊 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   
ᅗ 2 (a) Cdown࡜࢚ࢵࢪኚᙧ㔞ࡢ┦㛵㸬(b) down 
state࡟࠾ࡅࡿ᩿㠃࢖࣓࣮ࢪ㸬 
 
ḟ࡟㸪࢚ࢵࢪኚᙧࢆᅇ㑊ࡍࡿࡓࡵ㸪඲࡚ࡢྍື㟁
ᴟ࢚ࢵࢪ࡟ᑐࡋ࡚ᅛᐃ㟁ᴟࡀෆഃ࡟㓄⨨ࡉࢀࡓ
ྍື㟁ᴟ࣮࢜ࣂ࣮ࣛࢵࣉᵓ㐀ࢆ⪃᱌ࡋࡓ㸬ࡋ࠿ࡋ㸪
ᚑ᮶ࡢ〇㐀ࣉࣟࢭࢫࢆᮏᵓ㐀࡟㐺⏝ࡋࡓሙྜ㸪≛
≅ᒙୖ㒊ࡀᅛᐃ㟁ᴟ࡟ࡼࡿẁᕪᙧ≧ࢆࢺ࣮ࣞࢫ
ࡋࡓᙧ≧࡜࡞ࡿࡓࡵ㸪≛≅ᒙୖ࡟ᙧᡂࡉࢀࡿྍື
㟁ᴟࡀ‴᭤ࡋ࡚ࡋࡲ࠺ၥ㢟ࡀⓎ⏕ࡍࡿᠱᛕࡀ࠶
ࡿ㸬ࡇࡢၥ㢟ࢆゎỴࡍࡿࡓࡵ㸪ᅗ 3࡟♧ࡍࡼ࠺࡟
ୗ㒊㟁ᴟᙧᡂᚋ࡟ Si 㓟໬≀࡛ᇙࡵ㎸ࡳࢆ⾜࠸㸪
CMP (Chemical mechanical polishing) ࡟ࡼࡿ Si㓟
໬≀ࡢᖹᆠ໬ࣉࣟࢭࢫࢆ㐺⏝ࡍࡿࡇ࡜࡛ୗ㒊㟁
ᴟࡢẁᕪࢆ࡞ࡃࡋ㸪᭦࡟࢚ࢵࢳࣂࢵࢡ࡟ࡼࡿࣜࢭ
ࢫࣉࣟࢭࢫ࡟ࡼࡾ࢚ࢵࢪኚᙧࢆ྾཰ྍ⬟࡞ᚤᑠ
࡞ẁᕪࢆᙧᡂࡍࡿ CMRE (Chemical mechanical 
polishing & recess etching) ࣉࣟࢭࢫࢆᥦ᱌ࡋࡓ㸬
ᥦ᱌ࣉࣟࢭࢫࢆ㐺⏝ࡋࡓ⤖ᯝ㸪ᚑ᮶ࣉࣟࢭࢫ࡛ࡣ
≛≅ᒙ࡟ࡼࡿ‴᭤ࡣ⣙ 270 nm࡛࠶ࡗࡓࡀ㸪ᮏࣉ
ࣟࢭࢫ࡛ࡣ⣙ 80 nm࡟పῶྍ⬟࡛࠶ࡿࡇ࡜ࡀ᫂ࡽ
࠿࡟࡞ࡗࡓ㸬ᮏࣉࣟࢭࢫࢆ㐺⏝ࡋࡓ RF-MEMSྍ
ኚᐜ㔞ࢆ〇㐀ࡋ㸪Cdownࢆ ᐃࡋẚ㍑ࡋࡓ࡜ࡇࢁ㸪
ᅗ 4 ࡟♧ࡍࡼ࠺࡟㸪ᚑ᮶ᵓ㐀ཬࡧࣉࣟࢭࢫ࡛ࡣ
Cdownࡢ㠃ෆᖹᆒ್ࡀ 1.15 pF㸪ᶆ‽೫ᕪࡣ 0.36 pF
࡛࠶ࡗࡓࡢ࡟ᑐࡋ࡚㸪ᮏᥦ᱌࡛࠶ࡿྍື㟁ᴟ࣮࢜
ࣂ࣮ࣛࢵࣉᵓ㐀ཬࡧ CMRE ࣉࣟࢭࢫࢆ㐺⏝ࡋࡓ
ሙྜ࡟࠾࠸࡚ࡣྠᖹᆒ್ࡀ 1.90 pF㸪ᶆ‽೫ᕪࡣ
0.096 pF࡜࡞ࡾ㸪Cdownࡢᖹᆒ್ࡀ⣙ 65%ቑຍࡋ㸪
᭦࡟ᐜ㔞್ࡤࡽࡘࡁࡀ⣙ 1/6࡟పῶࡍࡿࡇ࡜ࢆᐇ
ドࡋࡓ㸬 
 
 
 
 
 
 
 
 
 
 
ᅗ 3 ᥦ᱌ࡍࡿ CMREࣉࣟࢭࢫࡢࣇ࣮ࣟ㸬ྍ ື㟁
ᴟᙧᡂ௨㝆ࡢࣉࣟࢭࢫࡣ┬␎㸬 
 
 
 
 
 
 
 
 
 
 
ᅗ 4 ヨసࡋࡓ⣲Ꮚࡢ Cdownࡢṇつ☜⋡ࣉࣟࢵࢺ㸬 
 
㻟㻚㻌 㧗䛔⪏㟁ຊ䜢ᐇ⌧䛩䜛㻯㻹㻻㻿ΰ㍕㻾㻲㻙㻹㻱㻹㻿ྍ
ኚᐜ㔞㻌
RF-MEMS ྍኚᐜ㔞ࢆ↓⥺ࢩࢫࢸ࣒ࡢ㏦ಙ㒊࡟
㐺⏝ࡍࡿ㝿࡟ࡣ㸪㏦ಙ⏝ࡢ኱㟁ຊ࡟ࡼࡗ࡚ࢭࣝࣇ
࢔ࢡࢳ࢚࣮ࣗࢩࣙࣥࡸ࣍ࢵࢺࢫ࢖ࢵࢳࣥࢢ᫬ࡢ
ࣀ࣮ࣥࣜࣜࢩࣥࢢ୙ⰋࡀⓎ⏕ࡋ㸪ᐜ㔞್ไᚚࡀᅔ
㞴࡜࡞ࡿࡇ࡜ࡀ኱ࡁ࡞ㄢ㢟ࡢ୍ࡘ࡛࠶ࡗࡓ㸬ᚑ᮶
ሗ࿌ࡉࢀ࡚࠸ࡿᑐ⟇᱌࡛ࡣ㸪ᶵ Ეᵓ㐀ࡢ㧗๛ᛶ໬
࡟ࡼࡾࣉࣝ࢖ࣥ㟁ᅽཬࡧ࣮ࣜࣜࢫ㟁ᅽࢆቑຍࡉ
ࡏࡿࡇ࡜࡛⪏㟁ຊࢆྥୖࡉࡏ࡚࠸ࡓࡀ㸪ࡑࡢ⤖ᯝ㸪
㥑ື㟁ᅽࡢቑຍཬࡧࡑࢀ࡟ࡼࡿᾘ㈝㟁ຊࡢቑຍ
ࢆᘬࡁ㉳ࡇࡋ࡚࠸ࡓ㸬ᮏ⠇࡛ࡣࡇࢀࡽࡢㄢ㢟ࢆゎ
Ỵࡍࡿࡓࡵ㸪ࣉࣝ࢖ࣥ㟁ᅽࡢቑຍࢆᢚไࡋࡘࡘ⪏
㟁ຊࢆྥୖࡉࡏࡿ QSC (Quadruple series capacitor) 
ᵓ㐀ࢆ᭷ࡍࡿ RF-MEMS ྍኚᐜ㔞ࢆᥦ᱌ࡍࡿ㸬
QSCᵓ㐀ࡣᅗ 5࡟♧ࡍࡼ࠺࡟㸪┤ิ᥋⥆ࡉࢀࡓ஧
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 ࡘࡢ MEMS ྍኚᐜ㔞ࡢ୧➃࡟ᅛᐃᐜ㔞ࢆ┤ิ᥋
⥆ࡋࡓᵓ㐀࡛࠶ࡾ㸪MEMSྍኚᐜ㔞࡟༳ຍࡉࢀࡿ
ᐇຠ㟁ᅽࢆపῶ࡛ࡁ㧗๛ᛶ໬ࢆ⾜࠺ࡇ࡜࡞ࡃ⪏
㟁ຊࡢྥୖࡀྍ⬟࡛࠶ࡿ㸬 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
㻌  
㻌 㻌  
 
ᅗ 5 QSCᵓ㐀ࢆ᭷ࡍࡿ RF-MEMSྍኚᐜ㔞㸬(a) 
ᖹ㠃ᅗ. (b) ᩿㠃ᅗ. (c) 㧗࿘Ἴᖏ࡛ࡢ➼౯ᅇ㊰㸬 
 
QSCᵓ㐀䛾 RF-MEMSྍኚᐜ㔞⣲Ꮚ䜢༢఩⣲Ꮚ䛸
䛧䛯 4 䝡䝑䝖䛾ྍኚᐜ㔞䝞䞁䜽䜢タィ䛧䠈CMRE 䝥䝻
䝉䝇䜢㐺⏝䛧䛯⾲㠃䝬䝅䝙䞁䜾䝥䝻䝉䝇䜢⏝䛔䛶
MEMS⣲Ꮚ䜢 CMOSᢏ⾡䛻䜘䜛㥑ືไᚚᅇ㊰ᇶᯈ
ୖ䛻ΰ㍕䛧䛯 (ᅗ 6)䠊䝏䝑䝥䝃䜲䝈䛿 2.55 mm㽢2.98 
mm 䛷䛒䜚䠈䝏䝑䝥ෆ䛾䝅䝸䝁䞁ᇶᯈ䛾ཌ䛥䛿 350 
μm䛷䛒䜛䠊〇㐀䛧䛯 CMOSΰ㍕ RF-MEMSྍኚᐜ
㔞䝞䞁䜽䜢 ᐃ䛧䛯⤖ᯝ䠈+44 dBm䛾ඃ䜜䛯⪏㟁ຊ
䜢ᐇ⌧䛷䛝䜛䛣䛸䜢☜ㄆ䛧䛯䠊䜎䛯䠈㧗࿘Ἴ䛷䛾ᐜ㔞
್ཬ䜃 Q ್䜢 ᐃ䛧䠈1 GHz 䛻䛚䛔䛶䝅䝱䞁䝖ᵓᡂ
䛾ྍኚᐜ㔞䛷᭱ᑠᐜ㔞್ 1.15 pF䠈᭱኱ᐜ㔞್ 5.15 
pF (ྍኚẚ 4.5) 䠈䝅䝸䞊䝈ᵓᡂ䛷᭱ᑠᐜ㔞್ 0.25 
pF䠈᭱኱ᐜ㔞್ 4.52 pF (ྍኚẚ 18.1) 䛜ᚓ䜙䜜䠈䛭
䜜䛮䜜ᐜ㔞್䜢 CMOS ไᚚᅇ㊰䜘䜚 16 ㏻䜚䛷ྍኚ
䛷䛝䜛䛣䛸䜢♧䛧䛯䠊Q ್䛿 1 GHz 䛷 100 ௨ୖ䠈2 
GHz䛷 60௨ୖ䛸㟁Ẽⓗᦆኻ䛜㠀ᖖ䛻ᑠ䛥䛔䛣䛸䜢 
 
 
 
 
 
 
 
 
 
ᅗ 6 ヨసࡋࡓ CMOSΰ㍕ RF-MEMSྍኚᐜ㔞 
᫂䜙䛛䛻䛧䠈ᅗ 7 䛾䜘䛖䛻௚᪉ᘧ䛸ẚ㍑䛧䛶䠈㧗䛔⪏
㟁ຊ䛸 Q್䛜ᐇ⌧ྍ⬟䛷䛒䜛䛣䛸䜢ᐇド䛧䛯䠊 
 
 
 
 
 
 
 
 
 
 
 
 
 
ᅗ 7 ᮏ◊✲ᡂᯝ࡜௚᪉ᘧ࡜ࡢẚ㍑ 
 
㻠㻚㻌 㧗㏿ᛂ⟅䞉పᾘ㈝㟁ຊ䜢ᐇ⌧䛩䜛ᐜ㔞ᆺ 㻹㻱㻹㻿
Ỉ⣲䝉䞁䝃䞊㻌
㻌 ᆅ⌫ ᬮ໬䜔 SDGs䛾ほⅬ䛛䜙䠈䜽䝸䞊䞁䜶䝛䝹䜼
䞊䛸䛧䛶Ỉ⣲䛜ᮇᚅ䛥䜜䛶䛔䜛䠊䛧䛛䛧䠈Ỉ⣲䛿ྍ⇞
ᛶ䜺䝇䛷䛒䜛䛯䜑䠈₃ὤ᳨▱䝉䞁䝃䞊䛸䛧䛶㧗㏿ᛂ
⟅䞉పᾘ㈝㟁ຊ䛾Ỉ⣲䝉䞁䝃䞊䛜ồ䜑䜙䜜䛶䛔䛯䠊
䛧䛛䛧䠈ᚑ᮶䛾Ỉ⣲䝉䞁䝃䞊䛿䝉䞁䝅䞁䜾䛾䛯䜑䛻䝠
䞊䝍䞊䛜ᚲせ䛷䛒䜚䠈పᾘ㈝㟁ຊ໬䛜ᅔ㞴䛷䛒䛳䛯䠊
䛭䛣䛷ᮏ⠇䛷䛿ᚑ᮶䛾Ỉ⣲䝉䞁䝃䞊䛾ㄢ㢟䛷䛒䛳䛯
పᾘ㈝㟁ຊືస䛸ᛂ⟅᫬㛫䛾䝖䝺䞊䝗䜸䝣䜢ᡴ◚䛧䠈
㧗㏿ᛂ⟅䛸పᾘ㈝㟁ຊ䜢୧❧䛩䜛 Pd ⣔㔠ᒓ䜺䝷䝇
䛸㏫ Tᆺྍື㟁ᴟᵓ㐀䜢㐺⏝䛧䛯ᐜ㔞ᆺMEMSỈ
⣲䝉䞁䝃䞊䜢ᥦ᱌䛩䜛䠊ᅗ8䛻᩿㠃䜲䝯䞊䝆䛸ືసཎ
⌮䜢♧䛩䠊Ỉ⣲䛻䜘䜚 Pd ⣔㔠ᒓ䜺䝷䝇䛜⭾ᙇ䛧䠈䛭
䛾⤖ᯝ䝯䞁䝤䝺䞁䛜ኚᙧ䛩䜛䛣䛸䛷ᐜ㔞್䛜ኚ໬䛧
Ỉ⣲䜢᳨▱䛩䜛䠊䛣䛾⌧㇟䛿ᖖ ୗ䛷䜒㉳䛣䜛䛯䜑䝠
䞊䝍䞊䛻䜘䜛ຍ⇕䛜୙せ䛷䛒䜚䠈᭦䛻ᐜ㔞ᆺᵓ㐀䛻
䜘䜚 DC 㟁ὶ䛜ὶ䜜䛺䛔䛯䜑䠈ཎ⌮ⓗ䛻పᾘ㈝㟁ຊ
ືస䛜ྍ⬟䛷䛒䜛䠊 
 
 
 
 
 
 
 
ᅗ 8 ㏫ T ᆺ㟁ᴟᵓ㐀࡜ Pd ⣔㔠ᒓ࢞ࣛࢫࢆ᭷ࡍ
ࡿᐜ㔞ᆺMEMSỈ⣲ࢭࣥࢧ࣮㸬 
 
ឤᛂ⭷ࡢほⅬ࠿ࡽ⣧ Pd ࡢၥ㢟Ⅼ࡛࠶ࡿపᛂ⟅㏿
ᗘ࡜ࣄࢫࢸࣜࢩࢫⓎ⏕ࡢၥ㢟ࢆᡴ◚ࡍࡿࡓࡵ㸪Pd
⣔㔠ᒓ࢞ࣛࢫࡢ᳨ウࢆ⾜࠸㸪Pd78Cu5Si17ࡢ⤌ᡂ࡟
࠾࠸࡚ࣄࢫࢸࣜࢩࢫࣇ࣮ࣜ࡟࡞ࡿࡇ࡜ࢆศᯒ⤖
 
ᯝ࡟ࡼࡾ☜ㄆࡋࡓ㸬ྠ ᮦᩱࢆឤᛂ⭷࡜ࡋ࡚⏝࠸ࡓ
ᐜ㔞ᆺ MEMS Ỉ⣲ࢭࣥࢧ࣮ࢆᅗ 9 ࡟♧ࡍࡼ࠺࡟
〇㐀ࡋ㸪⣧ Pd ࢆឤᛂ⭷࡜ࡋ࡚౑⏝ࡋࡓࢭࣥࢧ࣮
࡜ẚ㍑ࡋࡓ⤖ᯝ㸪ᛂ⟅᫬㛫ࡀ⣙ 3᱆ᨵၿࡋ 2.1⛊
ࡢ㧗㏿ᛂ⟅ࢆᐇ⌧ྍ⬟࡛࠶ࡿࡇ࡜ࢆ᫂ࡽ࠿࡟ࡋ
ࡓ (ᅗ 10)㸬 
 
 
 
 
 
 
 
  
 
ᅗ 9 ヨసࡋࡓᐜ㔞ᆺMEMSỈ⣲ࢭࣥࢧ࣮ࡢ 3ḟ 
ඖ㢧ᚤ㙾ീ㸬 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
ᅗ 10 㻌 Ỉ⣲䛻ᑐ䛩䜛ᛂ⟅Ἴᙧ䠊 (a) ⣧ Pd. (b) 
Pd78Cu5Si17. 
 
ᾘ㈝㟁ຊࡢほⅬ࡛ࡣ㸪ᮏᥦ᱌ᵓ㐀ࡣᐜ㔞ᆺ࡛࠶
ࡾ᭦࡟ᚑ᮶ࡢỈ⣲ࢭࣥࢧ࣮࡜ࡣ␗࡞ࡾࢭࣥࢩࣥ
ࢢ᫬࡟ࣄ࣮ࢱ࣮ຍ⇕ࡀ୙せ࡛࠶ࡿ㸬ࡑࡢࡓࡵ⣲Ꮚ
࡜ࡋ࡚ࡣᐜ㔞ࡢ඘ᨺ㟁㟁ὶࡋ࠿㟁ຊࢆᾘ㈝ࡏࡎ㸪
ᐜ㔞᳨ฟᅇ㊰ࡢᾘ㈝㟁ຊࡀᨭ㓄ⓗ࡟࡞ࡿ㸬〇㐀ࡋ
ࡓỈ⣲ࢭࣥࢧ࣮ࡢឤᗘࡼࡾ㸪ᕷ㈍ࡉࢀ࡚࠸ࡿᐜ㔞
᳨ฟᅇ㊰ࢆ᝿ᐃࡍࡿ࡜ᾘ㈝㟁ຊࡣ⣙ 0.2 mW࡜ぢ
✚ࡶࡽࢀ㸪ᚑ᮶ࡢỈ⣲ࢭࣥࢧ࣮࡟ᑐࡋ࡚⣙ 1/1000
௨ୗࡢపᾘ㈝㟁ຊືసࢆᐇ⌧ྍ⬟࡛࠶ࡿࡇ࡜ࢆ
♧ࡋࡓ㸬ࡑࡢ⤖ᯝ㸪ᅗ 11 ࡟♧ࡍࡼ࠺࡟ᮏᥦ᱌ࡢ
ᐜ㔞ᆺ MEMS Ỉ⣲ࢭࣥࢧ࣮ࡣᚑ᮶ࢺ࣮ࣞࢻ࢜ࣇ
࡛࠶ࡗࡓ㧗㏿ᛂ⟅࡜పᾘ㈝㟁ຊࢆ୧❧ྍ⬟࡛࠶
ࡿࡇ࡜ࢆᐇドࡋࡓ㸬ࡲࡓ㸪๓⠇ࡲ᳨࡛࡛ウࡋࡓ᭷
ᶵ≛≅ᒙࢆ⏝࠸ࡓ⾲㠃࣐࢖ࢡ࣐ࣟࢩࢽࣥࢢࣉࣟ
ࢭࢫࢆᇶ┙࡜ࡋ࡚㸪Ỉ⣲ࢭࣥࢧ࣮ࡢ〇㐀ࣉࣟࢭࢫ
ࡢ⣙ 80%ࢆRF-MEMSྍኚᐜ㔞ࡢ〇㐀ࣉࣟࢭࢫ࡜
ඹ㏻໬࡛ࡁࡿࡇ࡜ࢆ᫂ࡽ࠿࡟ࡋࡓ㸬୍ ⯡࡟ MEMS
ࡣࢹࣂ࢖ࢫࡈ࡜࡟኱ᖜ࡟〇㐀ࣉࣟࢭࢫࡀ␗࡞ࡿ
ࢣ࣮ࢫࡀከ࠸ࡀ㸪ᮏᥦ᱌ࡢࣉࣟࢭࢫ࡟ࡼࡗ࡚ᑡ࡞
࠸ࣉࣟࢭࢫኚ᭦࡟ࡼࡾࡇࡢไ㝈ࢆᡴ◚࡛ࡁࡿྍ
⬟ᛶࢆᐜ㔞ᆺ MEMS࡟࠾࠸࡚♧ࡋࡓ㸬  
 
 
 
 
 
 
 
 
 
 
 
 
ᅗ 11㻌 ᮏ◊✲ᡂᯝ䛸௚᪉ᘧ䛸䛾ẚ㍑䠊 
 
㻡㻚㻌 䜎䛸䜑㻌
 ᮏㄽᩥ࡛ࡣ༙ᑟయ㞟✚ᅇ㊰ࡢ㓄⥺ᕤ⛬ࢆᛂ⏝
ࡋ㸪ᑡ㔞ከရ✀࡞㧗ᶵ⬟ MEMS ࢔ࣉࣜࢣ࣮ࢩࣙ
ࣥᐇ⌧࡟㈨ࡍࡿᐜ㔞ᆺ MEMS ᢏ⾡ࢆ๰ฟࡍࡿࡓ
ࡵ㸪RF-MEMS ྍኚᐜ㔞ཬࡧᐜ㔞ᆺỈ⣲ࢭࣥࢧ࣮
ࡢ◊✲ࢆ⾜ࡗࡓ㸬ࡑࢀࡒࢀᚑ᮶᪉ᘧ࡟ᑐࡍࡿඃ఩
ᛶࢆᐇドࡋ㸪୍㐃ࡢ◊✲ᡂᯝ࡟ࡼࡾ CPS࣭IoT ♫
఍ࡢ᪩ᮇᐇ⌧࡟ྥࡅࡓᐤ୚ࡀᮇᚅ࡛ࡁࡿ࡜⪃࠼
ࡽࢀࡿ㸬 
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ᅗ 5 QSCᵓ㐀ࢆ᭷ࡍࡿ RF-MEMSྍኚᐜ㔞㸬(a) 
ᖹ㠃ᅗ. (b) ᩿㠃ᅗ. (c) 㧗࿘Ἴᖏ࡛ࡢ➼౯ᅇ㊰㸬 
 
QSCᵓ㐀䛾 RF-MEMSྍኚᐜ㔞⣲Ꮚ䜢༢఩⣲Ꮚ䛸
䛧䛯 4 䝡䝑䝖䛾ྍኚᐜ㔞䝞䞁䜽䜢タィ䛧䠈CMRE 䝥䝻
䝉䝇䜢㐺⏝䛧䛯⾲㠃䝬䝅䝙䞁䜾䝥䝻䝉䝇䜢⏝䛔䛶
MEMS⣲Ꮚ䜢 CMOSᢏ⾡䛻䜘䜛㥑ືไᚚᅇ㊰ᇶᯈ
ୖ䛻ΰ㍕䛧䛯 (ᅗ 6)䠊䝏䝑䝥䝃䜲䝈䛿 2.55 mm㽢2.98 
mm 䛷䛒䜚䠈䝏䝑䝥ෆ䛾䝅䝸䝁䞁ᇶᯈ䛾ཌ䛥䛿 350 
μm䛷䛒䜛䠊〇㐀䛧䛯 CMOSΰ㍕ RF-MEMSྍኚᐜ
㔞䝞䞁䜽䜢 ᐃ䛧䛯⤖ᯝ䠈+44 dBm䛾ඃ䜜䛯⪏㟁ຊ
䜢ᐇ⌧䛷䛝䜛䛣䛸䜢☜ㄆ䛧䛯䠊䜎䛯䠈㧗࿘Ἴ䛷䛾ᐜ㔞
್ཬ䜃 Q ್䜢 ᐃ䛧䠈1 GHz 䛻䛚䛔䛶䝅䝱䞁䝖ᵓᡂ
䛾ྍኚᐜ㔞䛷᭱ᑠᐜ㔞್ 1.15 pF䠈᭱኱ᐜ㔞್ 5.15 
pF (ྍኚẚ 4.5) 䠈䝅䝸䞊䝈ᵓᡂ䛷᭱ᑠᐜ㔞್ 0.25 
pF䠈᭱኱ᐜ㔞್ 4.52 pF (ྍኚẚ 18.1) 䛜ᚓ䜙䜜䠈䛭
䜜䛮䜜ᐜ㔞್䜢 CMOS ไᚚᅇ㊰䜘䜚 16 ㏻䜚䛷ྍኚ
䛷䛝䜛䛣䛸䜢♧䛧䛯䠊Q ್䛿 1 GHz 䛷 100 ௨ୖ䠈2 
GHz䛷 60௨ୖ䛸㟁Ẽⓗᦆኻ䛜㠀ᖖ䛻ᑠ䛥䛔䛣䛸䜢 
 
 
 
 
 
 
 
 
 
ᅗ 6 ヨసࡋࡓ CMOSΰ㍕ RF-MEMSྍኚᐜ㔞 
᫂䜙䛛䛻䛧䠈ᅗ 7 䛾䜘䛖䛻௚᪉ᘧ䛸ẚ㍑䛧䛶䠈㧗䛔⪏
㟁ຊ䛸 Q್䛜ᐇ⌧ྍ⬟䛷䛒䜛䛣䛸䜢ᐇド䛧䛯䠊 
 
 
 
 
 
 
 
 
 
 
 
 
 
ᅗ 7 ᮏ◊✲ᡂᯝ࡜௚᪉ᘧ࡜ࡢẚ㍑ 
 
㻠㻚㻌 㧗㏿ᛂ⟅䞉పᾘ㈝㟁ຊ䜢ᐇ⌧䛩䜛ᐜ㔞ᆺ 㻹㻱㻹㻿
Ỉ⣲䝉䞁䝃䞊㻌
㻌 ᆅ⌫ ᬮ໬䜔 SDGs䛾ほⅬ䛛䜙䠈䜽䝸䞊䞁䜶䝛䝹䜼
䞊䛸䛧䛶Ỉ⣲䛜ᮇᚅ䛥䜜䛶䛔䜛䠊䛧䛛䛧䠈Ỉ⣲䛿ྍ⇞
ᛶ䜺䝇䛷䛒䜛䛯䜑䠈₃ὤ᳨▱䝉䞁䝃䞊䛸䛧䛶㧗㏿ᛂ
⟅䞉పᾘ㈝㟁ຊ䛾Ỉ⣲䝉䞁䝃䞊䛜ồ䜑䜙䜜䛶䛔䛯䠊
䛧䛛䛧䠈ᚑ᮶䛾Ỉ⣲䝉䞁䝃䞊䛿䝉䞁䝅䞁䜾䛾䛯䜑䛻䝠
䞊䝍䞊䛜ᚲせ䛷䛒䜚䠈పᾘ㈝㟁ຊ໬䛜ᅔ㞴䛷䛒䛳䛯䠊
䛭䛣䛷ᮏ⠇䛷䛿ᚑ᮶䛾Ỉ⣲䝉䞁䝃䞊䛾ㄢ㢟䛷䛒䛳䛯
పᾘ㈝㟁ຊືస䛸ᛂ⟅᫬㛫䛾䝖䝺䞊䝗䜸䝣䜢ᡴ◚䛧䠈
㧗㏿ᛂ⟅䛸పᾘ㈝㟁ຊ䜢୧❧䛩䜛 Pd ⣔㔠ᒓ䜺䝷䝇
䛸㏫ Tᆺྍື㟁ᴟᵓ㐀䜢㐺⏝䛧䛯ᐜ㔞ᆺMEMSỈ
⣲䝉䞁䝃䞊䜢ᥦ᱌䛩䜛䠊ᅗ8䛻᩿㠃䜲䝯䞊䝆䛸ືసཎ
⌮䜢♧䛩䠊Ỉ⣲䛻䜘䜚 Pd ⣔㔠ᒓ䜺䝷䝇䛜⭾ᙇ䛧䠈䛭
䛾⤖ᯝ䝯䞁䝤䝺䞁䛜ኚᙧ䛩䜛䛣䛸䛷ᐜ㔞್䛜ኚ໬䛧
Ỉ⣲䜢᳨▱䛩䜛䠊䛣䛾⌧㇟䛿ᖖ ୗ䛷䜒㉳䛣䜛䛯䜑䝠
䞊䝍䞊䛻䜘䜛ຍ⇕䛜୙せ䛷䛒䜚䠈᭦䛻ᐜ㔞ᆺᵓ㐀䛻
䜘䜚 DC 㟁ὶ䛜ὶ䜜䛺䛔䛯䜑䠈ཎ⌮ⓗ䛻పᾘ㈝㟁ຊ
ືస䛜ྍ⬟䛷䛒䜛䠊 
 
 
 
 
 
 
 
ᅗ 8 ㏫ T ᆺ㟁ᴟᵓ㐀࡜ Pd ⣔㔠ᒓ࢞ࣛࢫࢆ᭷ࡍ
ࡿᐜ㔞ᆺMEMSỈ⣲ࢭࣥࢧ࣮㸬 
 
ឤᛂ⭷ࡢほⅬ࠿ࡽ⣧ Pd ࡢၥ㢟Ⅼ࡛࠶ࡿపᛂ⟅㏿
ᗘ࡜ࣄࢫࢸࣜࢩࢫⓎ⏕ࡢၥ㢟ࢆᡴ◚ࡍࡿࡓࡵ㸪Pd
⣔㔠ᒓ࢞ࣛࢫࡢ᳨ウࢆ⾜࠸㸪Pd78Cu5Si17ࡢ⤌ᡂ࡟
࠾࠸࡚ࣄࢫࢸࣜࢩࢫࣇ࣮ࣜ࡟࡞ࡿࡇ࡜ࢆศᯒ⤖
 
ᯝ࡟ࡼࡾ☜ㄆࡋࡓ㸬ྠ ᮦᩱࢆឤᛂ⭷࡜ࡋ࡚⏝࠸ࡓ
ᐜ㔞ᆺ MEMS Ỉ⣲ࢭࣥࢧ࣮ࢆᅗ 9 ࡟♧ࡍࡼ࠺࡟
〇㐀ࡋ㸪⣧ Pd ࢆឤᛂ⭷࡜ࡋ࡚౑⏝ࡋࡓࢭࣥࢧ࣮
࡜ẚ㍑ࡋࡓ⤖ᯝ㸪ᛂ⟅᫬㛫ࡀ⣙ 3᱆ᨵၿࡋ 2.1⛊
ࡢ㧗㏿ᛂ⟅ࢆᐇ⌧ྍ⬟࡛࠶ࡿࡇ࡜ࢆ᫂ࡽ࠿࡟ࡋ
ࡓ (ᅗ 10)㸬 
 
 
 
 
 
 
 
  
 
ᅗ 9 ヨసࡋࡓᐜ㔞ᆺMEMSỈ⣲ࢭࣥࢧ࣮ࡢ 3ḟ 
ඖ㢧ᚤ㙾ീ㸬 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
ᅗ 10 㻌 Ỉ⣲䛻ᑐ䛩䜛ᛂ⟅Ἴᙧ䠊 (a) ⣧ Pd. (b) 
Pd78Cu5Si17. 
 
ᾘ㈝㟁ຊࡢほⅬ࡛ࡣ㸪ᮏᥦ᱌ᵓ㐀ࡣᐜ㔞ᆺ࡛࠶
ࡾ᭦࡟ᚑ᮶ࡢỈ⣲ࢭࣥࢧ࣮࡜ࡣ␗࡞ࡾࢭࣥࢩࣥ
ࢢ᫬࡟ࣄ࣮ࢱ࣮ຍ⇕ࡀ୙せ࡛࠶ࡿ㸬ࡑࡢࡓࡵ⣲Ꮚ
࡜ࡋ࡚ࡣᐜ㔞ࡢ඘ᨺ㟁㟁ὶࡋ࠿㟁ຊࢆᾘ㈝ࡏࡎ㸪
ᐜ㔞᳨ฟᅇ㊰ࡢᾘ㈝㟁ຊࡀᨭ㓄ⓗ࡟࡞ࡿ㸬〇㐀ࡋ
ࡓỈ⣲ࢭࣥࢧ࣮ࡢឤᗘࡼࡾ㸪ᕷ㈍ࡉࢀ࡚࠸ࡿᐜ㔞
᳨ฟᅇ㊰ࢆ᝿ᐃࡍࡿ࡜ᾘ㈝㟁ຊࡣ⣙ 0.2 mW࡜ぢ
✚ࡶࡽࢀ㸪ᚑ᮶ࡢỈ⣲ࢭࣥࢧ࣮࡟ᑐࡋ࡚⣙ 1/1000
௨ୗࡢపᾘ㈝㟁ຊືసࢆᐇ⌧ྍ⬟࡛࠶ࡿࡇ࡜ࢆ
♧ࡋࡓ㸬ࡑࡢ⤖ᯝ㸪ᅗ 11 ࡟♧ࡍࡼ࠺࡟ᮏᥦ᱌ࡢ
ᐜ㔞ᆺ MEMS Ỉ⣲ࢭࣥࢧ࣮ࡣᚑ᮶ࢺ࣮ࣞࢻ࢜ࣇ
࡛࠶ࡗࡓ㧗㏿ᛂ⟅࡜పᾘ㈝㟁ຊࢆ୧❧ྍ⬟࡛࠶
ࡿࡇ࡜ࢆᐇドࡋࡓ㸬ࡲࡓ㸪๓⠇ࡲ᳨࡛࡛ウࡋࡓ᭷
ᶵ≛≅ᒙࢆ⏝࠸ࡓ⾲㠃࣐࢖ࢡ࣐ࣟࢩࢽࣥࢢࣉࣟ
ࢭࢫࢆᇶ┙࡜ࡋ࡚㸪Ỉ⣲ࢭࣥࢧ࣮ࡢ〇㐀ࣉࣟࢭࢫ
ࡢ⣙ 80%ࢆRF-MEMSྍኚᐜ㔞ࡢ〇㐀ࣉࣟࢭࢫ࡜
ඹ㏻໬࡛ࡁࡿࡇ࡜ࢆ᫂ࡽ࠿࡟ࡋࡓ㸬୍ ⯡࡟ MEMS
ࡣࢹࣂ࢖ࢫࡈ࡜࡟኱ᖜ࡟〇㐀ࣉࣟࢭࢫࡀ␗࡞ࡿ
ࢣ࣮ࢫࡀከ࠸ࡀ㸪ᮏᥦ᱌ࡢࣉࣟࢭࢫ࡟ࡼࡗ࡚ᑡ࡞
࠸ࣉࣟࢭࢫኚ᭦࡟ࡼࡾࡇࡢไ㝈ࢆᡴ◚࡛ࡁࡿྍ
⬟ᛶࢆᐜ㔞ᆺ MEMS࡟࠾࠸࡚♧ࡋࡓ㸬  
 
 
 
 
 
 
 
 
 
 
 
 
ᅗ 11㻌 ᮏ◊✲ᡂᯝ䛸௚᪉ᘧ䛸䛾ẚ㍑䠊 
 
㻡㻚㻌 䜎䛸䜑㻌
 ᮏㄽᩥ࡛ࡣ༙ᑟయ㞟✚ᅇ㊰ࡢ㓄⥺ᕤ⛬ࢆᛂ⏝
ࡋ㸪ᑡ㔞ከရ✀࡞㧗ᶵ⬟ MEMS ࢔ࣉࣜࢣ࣮ࢩࣙ
ࣥᐇ⌧࡟㈨ࡍࡿᐜ㔞ᆺ MEMS ᢏ⾡ࢆ๰ฟࡍࡿࡓ
ࡵ㸪RF-MEMS ྍኚᐜ㔞ཬࡧᐜ㔞ᆺỈ⣲ࢭࣥࢧ࣮
ࡢ◊✲ࢆ⾜ࡗࡓ㸬ࡑࢀࡒࢀᚑ᮶᪉ᘧ࡟ᑐࡍࡿඃ఩
ᛶࢆᐇドࡋ㸪୍㐃ࡢ◊✲ᡂᯝ࡟ࡼࡾ CPS࣭IoT ♫
఍ࡢ᪩ᮇᐇ⌧࡟ྥࡅࡓᐤ୚ࡀᮇᚅ࡛ࡁࡿ࡜⪃࠼
ࡽࢀࡿ㸬 
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